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(54) [Title of the Invention] Three-dimensional shape 
measuring device 

(57) [Abstract] 

[Object] To measure a three-dimensional shape having 
minute convexo-concave patterns at high speed. 
[Constitution] The three-dimensional shape measuring 
device comprises a dual-wavelength laser light source 2 
for emitting dual-wavelength laser light 1; a chromatic 
aberration lens 5 for condensing the dual-wavelength laser 
light 1 onto a sample 4; and a light scanning unit 6 for 
deflecting the dual-wavelength laser light 1. Moreover, it 
also comprises 'an achromatic condensing lens 8 for 

condensing dual-wavelength laser light 1 separated by a 

- — ■ - - ■ j 

half mirror 7; a pinhole 9 situated at the focal point of 
the achromatic condensing lens 8; a spectral sensor 10 for 
detecting the light passing through the pinhole 9, for 
each respective wavelength component; and a height 
detector circuit 14 for measuring the height of the sample 
4 in the direction of the optical axis, from the light 
intensities for the respective wavelength regions output 
by the spectral sensor 10. 

[Claims] 

[Claim 1] A three-dimensional shape measuring device 
characterized in comprising: 
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a light source for emitting light containing a 
plurality of wavelengths; 

a chromatic aberration object lens having 
chromatic aberration for condensing the light emitted from 
the light source in such a manner that it is focused at a 
focal point in the vicinity of a measurement object; 

an achromatic lens subjected to correction of 
chromatic aberration for condensing light reflected at the 
surface of said measurement object and transmitted through 
said chromatic aberration object lens; 

a pinhole disposed at the condensing spot 
position of the achromatic lens; 

a light splitter for splitting the light 
transmitted by said pinhole and measuring the light 
intensity thereof in respective wavelength regions; 

a height calculating circuit for measuring the 
height of said measurement object in the optical axis 
direction, from the light intensities of the respective 
wavelength regions output by the light splitter; and 

scanning means for relatively scanning said 
condensing spot position of said chromatic aberration 
object lens and said measurement object. 



[Claim 2] The three-dimensional shape measuring device 
according to claim 1, characterized in further comprising 



a corrective light splitter for splitting the 
light reflected by said measurement object and transmitted 
through said- chromatic aberration object lens, before 
passing through said achromatic lens, and measuring the 
light intensity of the respective wavelength regions 
thereof; 

light intensity correcting circuits for 
correcting the light intensities of the respective 
wavelength regions by calculating the ratio between the 
output of said light splitter and the output of said 
corrective light splitter, for each respective wavelength 
region; and 

a height detecting circuit for measuring the 
height of said measurement object in the optical axis 
direction, from the corrected light intensities for each 
wavelength region output by the light intensity correcting 
circuits. 

[Claim 3] The three-dimensional shape measuring device 
according to claim 1 or 2, characterized in that said 
light source is a laser light source generating a 
plurality of wavelengths simultaneously. 

[Claim 4] The three-dimensional shape measuring device 
according to claim 1 or 2, characterized in that said 
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scanning means is means for deflecting light emitted from 
said light source. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Applicability] The present invention 
relates to a three-dimensional shape measuring device, and 
more particularly, to a three-dimensional shape measuring 
device which is applicable to the measurement of finely 
processed three-dimensional shapes, such as semiconductor 
electronic components , or the like. 
[0002] 

[Prior Art] Conventionally, confocal type laser 
scanning microscopes have been used as three-dimensional 
shape measuring devices of this kind, and many 
manufacturers have already released products of this type. 
Since a confocal laser scanning microscope has optical 
characteristics whereby only the light from the confocal 
plane is detected, as described in Seimitsu Kogakkaishi 
[Journal of the Japan Society for Precision Engineering] 
57-7, 1991-07-1169, for example, it provides exceptionally 
high image selectivity in the direction of the optical 
axis, and therefore the three-dimensional shape of the 
object under observation can be reconstructed by computer 
processing of images in respective focal planes. In 
principle, this process obtains a three-dimensional shape 
by successively reading in images obtained by scanning the 
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since the focal distance of the chromatic aberration lens 
27 differs according to the wavelength, the focal position 
of the multiple-wavelength light 22 condensed by the 
chromatic aberration lens 27 is displaced in the optical 
axis direction, depending on the wavelength, and therefore 
the multiple-wavelength light 22 can be split spectrally 
according to the position of the pinhole 29.. The light 
transmitted by the pinhole 29 is detected by an optical 
detector 30. If the signal of the optical detector 30 is 
obtained whilst scanning the sample 25 by means of the 
stage 31, then the spectral characteristics of the surface 
of the sample 25 can be displayed on a display device 32. 

[0005] Since the conventional spectral type scanning 
microscope shown in Fig. 5 employs a confocal optics 
system, it has very high resolution in the direction of 
the optical axis, similarly to a monochromatic laser 
scanning microscope, and therefore cross-sectional 

observation in the direction of the optical axis is 

possible, and three-dimensional shapes can be measured 

according to similar principles. 

[0006] 

[Problems to be Solved by the Invention] The conventional 
scanning microscope described above is only able to obtain 
the image of one focal plane in a single image read-in 
operation, and therefore a large number of images must be 
input in order to measure a three-dimensional shape using 
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an optical cross-sectional observation, and hence a long 

period of time is required for measurement. 

[0007] 

[Means for Solving the Problem] The three-dimensional 
shape measuring device according to the present invention 
comprises: a light source for emitting light containing a 
plurality of wavelengths; a chromatic aberration object 
lens having chromatic aberration whereby .the light emitted 
from the light source is condensed in such a manner that 
it is focused at a focal point in the vicinity of a 
measurement object; an achromatic lens corrected for 
chromatic aberration for condensing light reflected at the 
surface of said measurement object and transmitted through 
said chromatic aberration object lens; a pinhole disposed 
at the condensing spot position of the achromatic lens; a 
light splitter for splitting the light transmitted by said 
pinhole and measuring the light intensity thereof in 
respective wavelength regions; a height calculating 
circuit for measuring the height of said measurement 
object in the optical axis direction, from the light 
intensities of the respective wavelength regions output by 
the light splitter; and scanning means for scanning said 
condensing spot position of said chromatic aberration 
object lens and said measurement object, with respect to 
each other. 



8 



[0008] Moreover, the three-dimensional shape measuring 
device according to the present invention further 
comprises: a corrective light splitter for splitting the 
light reflected by said measurement object and transmitted 
back through said chromatic aberration object lens, before 
it passes through said achromatic lens, and measuring the 
light intensity of the respective wavelength- regions 
thereof; light intensity correcting circuits! for 
correcting the light intensities of the respective 
wavelength regions by calculating the ratio between the 
output of said light splitter and the output of said 
corrective light splitter, for each respective wavelength 
region; and a height detecting circuit for measuring the 
height of said measurement object in the optical axis 
direction, from the corrected light intensities for each 
wavelength region output by the light intensity correcting 
circuits . 

[0009] 

[Embodiments] Next, the present invention is described 
with reference to the drawings. Fig. 1 is a compositional 
diagram showing one embodiment of the present invention. 
Referring to Fig. 1, the three-dimensional shape measuring 
device according to the present embodiment comprises: a 
dual-wavelength laser light source 2 for emitting dual- 
wavelength laser light 1; a beam shaper 3 for shaping the 
form of a beam of the dual-wavelength laser light 1; a 
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chromatic aberration object lens 5 having chromatic 
aberration whereby the dual-wavelength laser light 1 
shaped by the beam shaper 3 is condensed in the vicinity 
of the face of the sample 4; a light scanning unit 6 
disposed on the optical path between the beam shaper 3 and 
the chromatic aberration object lens 5, for deflecting the 
dual-wavelength laser light 1 and causing the condensed 
light spot formed by the chromatic aberration object lens 
5 to scan over the sample 4; a half mirror 7, disposed on 
the optical path between the beam shaper 3 and the optical 
scanning unit 6, for reflecting and separating the light 
path of the dual-wavelength laser light 1 which is 
reflected by the surface of the sample 4 and is 
transmitted back through the chromatic aberration object 
lens 5 and optical scanning unit 6; an achromatic 
condensing lens 8 corrected for chromatic aberration, 
which condenses the dual-wavelength laser light 1 
separated by the half mirror 7; a pinhole . 9 disposed at 
the focal point of the achromatic condensing lens 8; a 
spectral sensorlO for separating the dual-wavelength laser 
light 1 passing through the pinhole 9 into long-wavelength 
and short-wavelength components, and measuring the 
respective laser light intensities thereof; a mirror 11, 
disposed in the optical path between the half mirror 7 and 
the achromatic condensing lens 8, for reflecting and 
separating a portion of the dual-wavelength laser light 1 
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separated by the half mirror 7; a spectral sensor 12 for 
separating the dual-wavelength laser light 1 separated by 
the mirror 11 into long-wavelength and short-wavelength 
components, and measuring the respective laser light 
intensities thereof; light intensity correcting circuits 
131 and 132 for correcting the respective laser light 
intensities by dividing the long-wavelength component 
laser light intensity and the short-wavelength components 
laser light intensity output by the spectral sensor 10, 
respectively, by the long-wavelength component laser light 
intensity and the short-wavelength component laser light 
intensity output by the spectral sensor 12; and a height 
detecting circuit 14 for calculating the height of the 
sample 4 irradiated with the dual-wavelength laser light 1, 
in the optical axis direction, from the corrected long- 
wavelength component laser light intensity and short- 
wavelength component laser light intensity output by the 
light intensity correcting circuits 131 and 132. 
[0010] Next, the operation of the three-dimensional 
shape measuring device according to the present embodiment 
is described. The dual-wavelength laser light 1 emitted by 
the dual-wavelength laser light source 2 is shaped to an 
appropriate beam diameter by the beam shaper 3, in order 
that it be condensed to a prescribed beam diameter by the 
chromatic aberration object lens 5. Here, both the long- 
wavelength component and short-wavelength component 
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contained in the dual-wavelength laser light 1 must be 
shaped in a similar fashion, and therefore the beam shaper 
3 must be corrected for chromatic aberration. The dual- 
wavelength laser light 1 shaped by the beam shaper 3 is 
deflected by the optical scanning unit 6 in such a manner 
that the condensed light spot scans over the sample 4. 
Here, the optical scanning unit 6 is an optical element, 
such as a galvano mirror, polygonal mirror s;canner, or 
acousto-optical element, capable of scanning the laser 
beam at high speed and with high precision. Moreover, in 
order to measure the three-dimensional shape of the sample 
4, it is necessary to scan the spot of dual-wavelength 
laser light 1 over the sample 4 in a planar fashion, and 
therefore the optical scanning unit 6 is constituted in 
such a manner that the dual-wavelength laser light 1 is 
scanned in a bi-directional fashion. 
[0011] Fig. 2 is a lateral sectional diagram 
illustrating the condensation of the dual-wavelength laser 
light 1 by the chromatic aberration object lens 5. 
Referring to Fig. 2 in conjunction with Fig. 1, since the 
focal length of the chromatic aberration object lens 5 
differs with the wavelength, there is a divergence between 
the positions at which the long-wavelength component and 
the short-wavelength component of the dual-wavelength 
laser light 1 are condensed. Due to variance of the 
refractive index in standard lens material, the focal 
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length increases at longer wavelengths and the focal 
length reduces at shorter wavelengths. In this embodiment, 
the focal length of the long-wavelength component is 
greater than that of the short-wavelength component, and 
the differential therebetween is taken as Af. 
[0012] The dual-wavelength laser light 1 reflected by 
the sample 4 passes back through the chromatic aberration 
object lens 5 and the light scanning unit 6/ and is 
separated from the incident light path by the half mirror 
7 disposed on the light path. The dual-wavelength laser 
light 1 separated by the half mirror 7 is condensed by the 
achromatic condensing lens 8. Since the achromatic 
condensing lens 8 is corrected for chromatic aberration, 
the focal length is uniform, regardless of wavelength, and 
the pinhole 9 is disposed at the focal point thereof. 
Therefore, in the confocal optics system constituted by 
the chromatic aberration object lens 5 and the achromatic 
condensing lens 8, since the position of conjugation with 
the position of the pinhole 9 differs between the long- 
wavelength component and short-wavelength component of the 
dual-wavelength laser light 1, the dual-wavelength laser 
light 1 that is transmitted through the pinhole 9 will 
contain reflected light from both the long-wavelength 
component image forming plane and the short-wavelength 
component image forming plane. 



13 



[0013] The spectral sensor 10 separates out the long- 
wavelength component and short-wavelength component of the 
dual-wavelength laser light 1 transmitted by the pinhole 9 
and measures the light intensity of each, respectively. 
The spectral sensor 10 is constituted by a collimating 
lens 101 for collimating the dual-wavelength laser light 1 
transmitted by the pinhole 9, a diffraction grating 102 
for diffracting the dual-wavelength laser light 1, and 
photodetectors 103 and 104 disposed respectively at the 
position of the diffraction angle of the long-wavelength 
component of the dual-wavelength laser light 1, and the 
position of the diffraction angle of the short-wavelength 
component thereof. Here, the photodetector 103 obtains an 
image of the long-wavelength component image forming plane, 
and the photodetector 104 obtains an image of the short- 
wavelength component image forming plane. 
[0014] Fig. 3 is a graph showing the relationship 
between the height of the sample 4 and the laser light 
intensities detected by the photodetectors 103 and 104. 
The horizontal axis of the graph indicates the height of 
the sample 4, and the vertical axis indicates the laser 
light intensity. For the sake of simplicity, it is assumed 
that the sample 4 is white and has no reflectivity 
differential according to wavelength. In the diagram, the 
solid line indicates the long-wavelength component laser 
light intensity detected by photodetector 103, and the 
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broken line indicates the short-wavelength component laser 
light intensity detected by photodetector 104. Referring 
to Fig. 3 in association with Fig. 1 and Fig. 2, since the 
focal length of the chromatic aberration object lens 5 
according to the present embodiment is longer in the case 
of the long-wavelength component, this light is condensed 
at a more distant position from the chromatic aberration 
object lens 5 (a lower position on the sample 4). In a 
confocal microscope, virtually no light from outside the 
image forming plane is detected, and therefore the laser 
light intensity detected by the photodetector 103 and the 
laser light intensity detected by the photodetector 104 
each form sharp peaks at the position of their respective 
image forming planes, these peaks being mutually separated 
by Af . Therefore, two height positions can be determined 
simultaneously, from the respective peaks of the long- 
wavelength component laser light intensity and the short- 
wavelength component laser light intensity. Moreover, by 
determining the size of the pinhole 9 in such a manner 
that the light of both wavelength components can be 
detected between the peaks of the two wavelengths thus 
detected and determining the difference in the laser light 
intensity of the two wavelengths, it is also possible to 
measure the height of the sample 4 between the two image 
forming planes. In other words, by scanning t£ie condensed 
light spot of the dual-wavelength laser light 1 over the 
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entire sample 4 by means of the optical scanning unit 6, 
it is possible to measure the three-dimensional shape of 
the sample 4. 

[0015J Each sample 4 subjected to actual measurement 
has its own characteristic spectral reflection 
characteristics, and in general, the reflectivity thereof 
differs between the long-wavelength component and the 
short -wavelength component of the dual-wayelength laser 
light 1. In the present embodiment, in order to measure 
the spectral reflection characteristics of the sample 4, a 
portion of the dual-wavelength laser light 1 separated by 
the half mirror 7 is further separated by the mirror 11, 
and the long-wavelength component and short-wavelength 
component of the dual-wavelength laser light 1 thus 
separated is measured by the spectral sensor 12. This 
spectral sensor 12 is constituted by a diffraction grating 
121 for diffracting the dual-wavelength laser light 1, and 
photodetectors 122 and 123 disposed respectively at the 
position of the diffraction angle of the long-wavelength 
component and the position of diffraction angle of the 
short-wavelength component of the separated dual- 
wavelength laser light 1. 

[0016] Since the long-wavelength component intensity 
and the short -wavelength component intensity of the dual- 
wavelength laser light 1 irradiated onto the sample 4 are 
already known, the spectral reflection characteristics 
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relating to the respective wavelengths can be found from 
the outputs of the photodetectors 122 and 123. 
Consequently, by dividing the output of the photodetector 
103 of the spectral sensor 10 by the output of the 
photodetector 122 of the spectral sensor 12, by means of a 
light intensity correcting circuit 131, and dividing the 
output of the photodetector 104 of the spectral sensor 10 
by the output of the photodetector 123 of. the spectral 
sensor 12, by means of a light intensity correcting 
circuit 132, it is possible to obtain a long-wavelength 
component intensity value and short-wavelength component 
intensity value which are corrected for the effects of the 
spectral reflection characteristics of the sample 4, from 
the light intensity correcting circuits 131 and 132. The 
height of the sample 4 can then be determined, 
independently of the spectral reflection characteristics 
of the sample 4, by calculating the difference between the 
long-wavelength component intensity and short -wavelength 
component intensity thus corrected for the spectral 
reflection characteristics of the sample 4, by means of a 
height calculating circuit 14. 

[0017] In the present embodiment, dual-wavelength laser 
light was used, but it is also possible to use laser light 
having a greater number of wavelength components, in which 
case, an even broader height detection range and greater 
measurement accuracy can be expected. Moreover, in this 
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embodiment, a single laser light source emitting two 
wavelengths simultaneously was used, but it is also 
possible to use a plurality of laser light sources 
emitting different wavelengths, the plurality of laser 
beams being combined by means of a mirror having 
wavelength selectivity, such as a dichroic mirror. 
[0018] In the present embodiment, the height between 
the image forming planes of two wavelengths was 
interpolated by calculation, but in order to achieve 
measurement of higher accuracy, it is beneficial to use a 
method whereby the image forming planes are moved at 
intervals equal to the height measurement resolution, 
images being read in at each position, and the height of 
the image forming plane having the highest luminosity 
being determined. By means of this method also, if dual- 
wavelength laser light is used as described in the 
embodiment, rather than performing optical cross-sectional 
observation using a single wavelength, the number of image 
read-in operations is halved, and the measurement time can 
therefore be shortened. As described above, by using laser 
light containing a greater number of wavelength components, 
the number of read-in operation of the images is reduced 
to 1/N (where N is the number of wavelength components 
contained in the laser light) compared to a case where 
only one wavelength is used, and hence the measurement 
time is greatly shortened. 
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[0019] Fig* 4 is a compositional diagram showing a 
further embodiment of the present invention. Referring to 
Fig. 4, in this embodiment, laser lights 161 - 164 emitted 
by four laser light sources 151 - 154 generating laser 
light at mutually different wavelengths are combined by a 
dichroic mirror 171 - 173. Moreover, a spectral sensor 18 
for detecting the laser lights 161 - 164 is "constituted by 
a collimating lens 181 for collimating the laser lights 
161 - 164, a diffraction grating 182 for diffracting and 
splitting the laser lights 161 - 164, and photodetectors 
183 - 18 6 disposed respectively in positions corresponding 
to the diffraction angles of the wavelengths of the laser 
lights 161 - 164. Furthermore, a spectral sensor 19 for 
correcting the spectral reflection characteristics of the 
sample 4 is constituted by a diffraction grating 191 for 
diffracting and splitting the laser lights 161 - 164, and 
photodetectors 192 - 195 disposed respectively in 
positions corresponding to the diffractions angles of the 
wavelengths of the laser lights 161 - 164. The outputs of 
the spectral sensors 18 and 19 are input to light 
intensity correcting circuits 201 - 204, and corrected 
light intensities for the respective wavelength components 
are obtained. According to the three-dimensional shape 
measuring device illustrated in Fig. 4, four different 
image forming planes can be observed simultaneously, and 
therefore the number of image read-in operations is 
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reduced to 1/4 compared to a case where a three- 
dimensional shape is measured by means of a single 
wavelength, in optical cross-sectional observation. 
[0020] Moreover, it is also possible to perform height 
measurement by using light having a continuous spectrum 
and detecting the wavelength at which the light intensity 
peaks, by means of a spectral sensor. 
[0021] . • 

[Merits of the Invention] As described above, according to 
the present invention, by using a chromatic aberration 
object lens together with light having a plurality of 
wavelengths, it is possible to detect the images of 
different image forming planes, simultaneously, and hence 
three-dimensional shape measurement of a sample can be 
performed at high speed. 

[Brief Description of the Drawings] 

Fig. 1 is a compositional diagram showing one embodiment 
of the present invention; 

Fig. 2 is a side view showing dual-wavelength laser light 
in a condensed state, in this embodiment; 
Fig. 3 is a graph showing the relationship between the 
height of a sample and light intensity, in this 
embodiment ; 

Fig. 4 is a compositional diagram showing a further 
embodiment of the present invention; and 
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Fig. 5 is a compositional diagram showing a prior art 
example. 

[Description of the Symbols] 

1 dual-wavelength laser light 

2 dual-wavelength laser light source 

3 beam shaper 

4 sample 

5 chromatic aberration object lens 

6 . optical scanning unit 

7 half mirror 

8 achromatic condensing lens 

9 pinhole 

10, 12, 18, 19 spectral sensor 

101, 181 collimating lens 

102, 121, 182, 191 diffraction grating 
103 - 104, 122 - 123optical detector 

11 mirror 

131 - 132, 201 - 2041ight intensity correcting circuit 

14 height detecting circuit 

151 - 154 laser light source 

161 - 164 laser light 

171 - 173 dichroic mirror 

183 - 186, 192 - 195photodetector 
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